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METHOD AND APPARATUS FOR LOCATING
PATTERNS IN AN OPTICAL IMAGE

This application is a continuation of U.S. patent appli-
cation Ser. No. 07/828.241 filed on Jan. 30, 1992, now
abandoned, for “Method and Apparatus for Locating Pat-
terns in an Optical-Image”, the contents of which are hereby

expressly incorporated.
FIELLD OF THE INVENTION

This invention relates to machine vision, and more
particularly, to methods and apparatus for accurately locat-
ing linear patterns, e.g., a cross-hairs, in an optical image.

A portion of the disclosure of this patent document
contains material which is subject to copyright protection.
The copyright owner has no objection to the facsimile
reproduction by anyone of the patent document or the patent
disclosure, as it appears in the Patent and Trademark Office
patent file or records, but otherwise reserves all copyright
rights whatsoever.

BACKGROUND

Automated product assembly and manufacturing pro-
cesses often rely on machine vision to determine the position
of a component being processed. Typically, a linear pattern,
such as a cross-hair, is used as a reference point for precision
alignment.

Various methods of machine vision positioning are cur-
rently practiced. Among the primary ones are variations on
the general Hough transform and correlation (template
matching). With respect to the latter, there exists binary
exclusive-OR correlation and, more recently, gray-scale
normalized correlation. One common element of these prior
art methods is that they require, as input, an image template
of the pattern they are to locate.

As a component undergoes various stages of assembly or
manufacture, the appearance of the alignment patiern may
change. For example, etching and masking of a semicon-
ductor wafer can alter the contrast, definition and thickness
of cross-hairs embedded in the wafer. Thus, in order to be
effective during the entire assembly process, the prior art
methods typically require many image templates.

Unfortunately, the actual appearance of a locating pattern on
a component is not always predictable, frustrating even the

use of multiple ideal template images.

A further drawback of prior art systems is that they
consume excessive time in comparing actual optical images
to the multiple template images.

In view of the foregoing, an object of the invention is to
provide an improved vision system and, more particularly,
improved methods and apparatus for accurately locating the
center of a linear pattern, e.g., a line or a cross-hair, in an
optical image.

Still another object of the invention is to provide a
machine vision positioning system that does not rely on an
object template in order to position a piece.

Yet another object of the invention is to provide a system
capable of positioning a component notwithstanding
changes in its appearance during processing.

SUMMARY OF THE INVENTION

The aforementioned objects are attained by the invention,
which provides machine vision methods and apparatus
capable of quickly and accurately locating linear patterns,
such as lines, or cross-hairs made up of intersecting lines, on
a component.
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In one aspect, the invention provides an apparatus for
processing a component image to identify the position of a
linear pattern thereon. The apparatus includes a first pro-
cessing element for generating a projection of the image
along an axis substantially aligned with an expected orien-
tation of the linear pattern. As described further below. a
projection is essentially a one-dimensional “profile” of the
input image.

If a linear pattern in the image is aligned with the
projection axis, edges of that pattern will correspond with
peaks on an otherwise fiat, or substantially flat, profile. An
apparatus according to the invention further includes a
processing element for performing “mirror symmetry” fil-
tering on the projection. That filtering relies on the symme-
try of the edge peaks to bring out a single peak correspond-
ing to the center of the linear pattern.

To isolate that center peak, the apparatus includes a notch
detection element that operates on the mirror symmetry filter
output to filter out lesser peaks of low slope angle. so that
only a highly sloped spike corresponding to the linear
pattern of interest will remain.

The center of that peak corresponds to the center of the
linear pattern in the original input signal. The apparatus,
accordingly, includes a peak finding element that determines
the location of the peak center. To improve accuracy of that
determination, the apparatus can interpolate a peak position
from the apparent peak and the two neighboring points on
opposite sides of that apparent peak.

An apparatus of the type described above can determine
the location of a line in an input image, €.g.. a “street” in a
semiconductor wafer. Alternatively. it can to locate a single
“hair” of a cross-hair pattern.

The invention accordingly provides, in another aspect. an
apparatus for locating the center of a cross-hair, made up of
intersecting lines, contained in an input image. That appa-
ratus is constructed and operated as described above, and 1s
additionally adapted to take projections along two axes, each
of which is aligned with an expected orientation of the
corresponding hairs. That apparatus also performs mirror
symmetry and notch-detection filtering on both projections
to permit location of the centers of each hair. The center of
the cross-hair is, then, determined to lie at the intersection of
the hairs.

In still other aspects, the invention provides methods for
linear pattern location corresponding to the operation of the
apparatus described above.

As will be appreciated from this summary, and from the
subsequent detailed description, features of the invention
include its ability to locate linear patterns without matching
them with image templates, as otherwise required in the
prior art. Another feature of the invention is its ability to
detect very low contrast linear patterns and pattern edges.
This resuits, in part, from the use of projections which
greatly enhance the signal-to-noise ratio of the image signal.
Moreover, the invention demands two-dimensional process-
ing only for the generation of projections, utilizing single-
dimensional processing for all other sophisticated opera-
tions.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features, objects and benefits of the invention can
be more clearly understood with reference to the following
description of an illustrative embodiment, and to the
drawings, in which:

FIG. 1 is a schematic representation of a preferred
embodiment of an apparatus according to the invention;
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FIG. 2 is a perspective view of a linear pattern on a
surface;

FIG. 3 is a planar view of a representative segment of an
image signal and corresponding projections;

FIG. 4a is a plot of a projection signal;

FIG. 4b is a detail of the plot of a projection signal taken
along lines A—A;

FIG. 4c is a plot of a mirror symmetry signal;

FIG. 4d is a plot of an output of a notch-detection element;
and

FIG. 5§ is a diagram showing the function of the peak
locating clement.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENT

With reference now to FIGS. 1 and 2, a schematic
representation of an apparatus 10 for accurately locating a
cross-hair 12, comprising intersecting linear patterns 12q,
125 is shown on a surface 14.

The surface 14 is illuminated. for example, by lamps 16
to facilitate the creation of an image signal by a video
camera 18. The output of that camera is electrically con-
nected to an optional storage device 20 that can store the
image prior to processing. As shown in the illustration, the
output of storage device 20 is routed to a projection element
30. which performs the first stage of location processing, as
discussed below.

Video camera 18, lamps 16, and storage device 20 operate
and are configured in a manner conventional in the art.

A digital image signal 22 output by camera 18 is made up
of individual pixels. I, ,. A representative portion 23 of an
image signal 22 is illustrated in FIG. 3, showing pixels
designated I, 4, I, 5, ... L4 s.

The projection element 30 sums pixels along directions
parallel to axes 36a, 365 corresponding to the expected
orientation of the linear patterns 124, 12b to be inspected.
For example, if the lincar patterns are oriented with the pixel
grid itself, the projection summations are conducted along
the grid’s rows and columns; otherwise, they are conducted
in appropriate directions. The projection element generates,
for those sums, projection signals 32a, 325, respectively.

The aforementioned projection signals can be generated
in a manner conventional in the art. Preferably, they are
generated in accord with the techniques revealed in U.S, Pat.
No. 4,972,359, assigned to the assignee hereof. A software
listing of a more preferred implementation of projection
clement 30 is provided in Appendix A, filed herewith.

By way of example, illustrated projection signal 32a
includes elements Pa, through Pa,, generated in accord with
the following mathematical function (which assumes that

the pixel grid is aligned with the axes 36a, 36b).

5 .1
Pa;= £ L, Eq
n=1

Projection signal 325, including elements Pbl through Pb3,
is generated by a like formula.
As noted above. each projection signal 32 provides a

profile of the image signal 22 in a direction parallel to the
corresponding axis. Thus, the linear pattern aligned with the
axis is emphasized, while image “noise” is effectively aver-
aged out.
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For sake of simplicity, the discussion which follows
focuses on processing of a projection signal corresponding
to a single linear pattern, e.g., “hair” 12a of cross-hair 12. It
will be appreciated that, in order to determine the location of
cross-hair 12, like processing is performed on the other
“hair” 12b.

An exemplary projection signal 32 is illustrated in FIG.
4a, where three features of interest are shown: the portions
36. corresponding to the average background intensity value
of the image scene; the portion 39 corresponding to the
average intensity value of the central region of the linear
pattern or “hair”; and the portion 38, corresponding to the
average intensity of the boundary between the linear feature
and the background. It will be appreciated that the features
38 and 39 can be relatively brighter than, darker than, or
equal to, the background 36. in any combination. It will be
further appreciated, however, that features 38 and 39 cannot
both be equal to the background, because the pattern would
not be detectable. Further fluctuation in the iliustrated pro-
jection signal 32 is due, for example, to noise in the image
signal 22.

The image processor 10 performs further processing on
the projection signal in order to provide an accurate indica-
tion of the location of the center of the linear pattern 12a on
the surface 14. Particularly, referring to FIG. 1. exemplary
projection signal 32 is processed by mirror symmetry filter
clement 50, using an input radius r. to derive a peak
corresponding to the center of the pattern 12a. The radius, r,
represents one-half of the expected width of the linear
pattern. and is illustrated as 42 of FI1G. 4b.

The radius r is input, for example, by the user, e.g., via
console 90. The value of radiusr is selected to accommeodate
the expected variation of thickness in the linear pattern
caused by, for example, processing of the underlying com-
ponent. While the exact value of the radius, r, is not critical,
it is preferably selected to be slightly larger than the largest
expected half-width of the linear pattern.

Mirror symmetry filter element generates the filtered
signal, S. from exemplary projection signal P and corre-
sponding radius, r, in accord with the mathematical function

r
Si= £ Puy— P Eq. 22
a=1

for each value of i between r and the length of the projection
signal P minus r.
Alternatively, the mirror symmetry filter clement can

generate the filtered signal, S, in accord with the mathemati-
cal function

Eq. 2b

r—1

Si:aiﬂ WPiro — Pig il

Those skilled in the art will appreciate that Equations 2a
and 2Zb, while similar, produce resultant signals § which are
effectively one-half pixel out of phase with one another.

With respect to Eqs. 2a and 2b, at each point 1 along an
axis 36, the projection signal 32 value between zero and r on
the left side of the point is subtracted from the value the
same distance to the right of the point. An absolute value is
calculated. and is added to the absolute values of the
differences at the other points between zero and r. This gives
an indication of how mirror symmetric the projection 32 1s
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about point i. The same algorithm is run along the length of
the projection signal 32, giving an indication of the overall
symmetrical quality of the projection signal 32.

As illustrated in FIG. 4c¢, the mirror symmetry signal 52
is low, indicating a high degree of symmetry. in regions of
approximately uniform background, ¢.g., at distances more
than one radius away from the linear pattern 12a. Within one
radius of the pattern, the value of S rises, indicating a low
degree of symmetry. The signal S remains relatively high at
all points within radius r of the center of the pattern, except
for a very small region surrounding the exact center of the
feature. This is revealed as a very sharp, downward spike 56
in signal S, whose extreme point 54 corresponds to the
center of the exemplary linear pattern 12a.

The apparatus 10 performs still further processing in order
to identify the location of the center of the linear pattern 124.
The goal is to distinguish the low signal value 56, corre-
sponding to the true center of the linear pattern 124, from the
other low values corresponding to the uniform background.
This is performed by notch detection element 60. which
operates on the mirror symmetry signal S with a mask to
generate a peak location signal L further emphasizing the
peak 56.

The notch detector element 60 generates the peak location
signal L in accord with the mathematical function:
Eq. 3

+n—1
ME Sing

2p+2z+n—1
b} Si.}-j ) —-l'!; .
I axt

o, L
T p J=pt+2z+n

based on a mask, M, which can be depicted as follows:

P z n z P

v [z v =] ¢

p+Z p+z+n p+2z+n 2p+2z+n

In a preferred embodiment, the notch mask has a central
notch one pixel wide of negative one unit amplitude. On
either side of the notch, there are one pixel wide shoulders
of zero amplitude. At the far ends, the shoulders notches are
two pixels wide and positive one-half unit high. That is, p=2,
z=1 and n=1, while P=14, Z=0 and N=-1. This preferred
mask is as follows:

12420 -1 0% %

In effect, a mask of this shape represents a negative-going
notch locator, filtering out all areas of the symmetry signal
52 which are low due to the uniform background. The resuit
of the operation of this filter on the mirror symmetry signal
§2 of FIG. 4c is illustrated in FIG. 44.

The spike 62 and its peak 64 represent an accuraic
indication of the relative position of the center 11a of the
exemplary linear pattern 12a parallel the axis 36 of interest.

In a less preferred embodiment, the function of notch
detection element 60 may be performed by a laplacian filter
element, which convolves the mirror symmetry signal S
with a mask to generate a peak location signal L further

emphasizing the peak 56.

As those skilled in the art will appreciate, convolution
involves taking the “dot product” of successive overlapping
windows of the mirror symmetry signal S with a pixel mask
M., having elements M,, M,, . . . M,. Thus, the laplacian
estimator element 60 generates the peak location signal L in
accord with the mathematical function:

S
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k . 4
Li=% S(i+j-1) - M; =
J=1

A mask for such an operation is as follows:
b4 44 0 1 0 b4 4%

A further refinement of the position of the peak 56 is made
possible by implementing a peak location element 70 as
illustrated in FIG. 1.

Referring to FIG. 5, the point which has the highest
amplitude in spike 62—i.c., the point representing the appar-
ent peak of the peak location signal L —is identified as point
72. On either side of that point 72 are neighboring points 74
and 76.

In order to better determine the actual peak, and thereby
the actual center of the linear pattern 124, the peak location
element 70 determines the location of a point 84 represent-
ing the intersection of lines 78 and 80. The line 78 is
determined as that line which connects apparent peak 72 and
lowest-value neighbor 76, while line 80 is determined as that
line passing through highest-value neighbor 74 and having
a slope 82 which is the negative of that of line 78. as
illustrated.

The point 84 where the two line segments 78, 80 intersect
is identified as a truer approximation of the center 11a of the
linear pattern 12a.

In an alternative to the aforementioned method of peak
detection. the processor 10 generates two mirror symmetry
signals, S, and S,. from each projection signal. P. The first
mirror symmetry signal S, is generated according to Eq. 2a.
while the second, S.. is generated according to Eq. 2b. Each
of the signals S,. S, are then passed through notch detection
element 60 to produce notch detection signals L, and L.,
respectively. Peak detection proceeds as described above,
except insofar as apparent peak point 72 is determined by
signal L,, while neighboring points 74 and 76 are deter-
mined by signal L.

In order to determine the coordinates 11 of a cross-hair
pattern 12, the apparatus 10 generates a projection signal Pa.
Pb of the image signal I along respective axes 364, 36b. It
then uses the input radius r associated with each of those
projections. The apparatus, in turn, determines a mirTor
symmetry signal Sa, Sb corresponding to respective ones of
the projections signals Pa, Pb. And, from those mirror
symmetry signals Sa, Sb, the apparatus generates peak
location signals La, Lb, respectively.

Upon locating the center of the corresponding linear
patterns 12a, 12b in the manner described above, the appa-
ratus 10 generates a signal representing the center of the
cross-hair 12 at the point of intersection of the two patterns
124, 12b. That signal may be then be output to terminal 90
or positioning apparatus, not shown.

A further understanding of the invention may be attained
by reference to Appendix A, filed herewith, disclosing a
preferred software implementation of aspects of the inven-
tion described and claimed herein.

SUMMARY

Described above are improved machine vision methods
and apparatus capable of quickly and accurately locating
linear patterns, such as wafer streets or cross-hairs, on a
component. Unlike the prior art, systems constructed in
accord with the invention does not require an input template
pattern.

Those skilled in the art will appreciate that the embodi-
ments described above are illustrative only. and that other
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systems in the spirit of the teachings herein fall within the
scope of the invention. Thus, for example, it will be appre-
ciated that methods and apparatus other than that described
above for mirror symmetry filtering can be used. Likewise,
the invention embraces methods other than notch detection
(e.g.. the Laplacian technique disclosed above) for filtering
the output of the mirror symmetry filter. Still further, the use
of peak detection methodologies and apparatus other than,
but falling within the spirit of, those described above is
contemplated by the invention. Moreover, it will be appre-

10

8

ciated that the methods and apparatus described herein can
be used to identify linear patterns other than “streets” and
Ccross-hairs.

And, of course, that systems constructed in accord with
the invention have applicability outside the field of semi-
conductor wafer processing. Thus, for example, they can be
used to locate cross-hairs in connection with graphics print-
ing of color overlays, and in positioning components during
parts assembly or inspection.

These and other such uses, as well as modifications,
additions and deletions to the techniques described herein
may fall within the scope of the invention.
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Patent Application for
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- Software Listing of Preferred Implementation
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+ 113855 cross_finder.v

+

* Cepyright (c¢) SDate$

" Cognex Corporation, Needham, MA 02194
*

* $Source$ yor:/home/milind/mrs/patent/cross_finder.v
® SRevision$

* SLocker$

]

* /
static char *header = "SHeader$™:

/*

Dafines the three functions that are used for:
l. Projection.

2. Applying a symmetry filter to the image.

3. Applying a Laplace filter to the image.

*/
fiitiiii*i*iitiitt***ii*tittiiiii*i*t*itt
»+ f project *** Image Projection ¢
T T e 2222322223223 3R 222 R R R A A NES
™ &

*/

cip_buffer *f_p{buff,proj_buff,angle)
cip buffer *buff, *proj_bulf;
double angle;

{
short i;

ctm timer time_1;
cmap_params *mp param;

mp_param= (Cmap_params *)cve_alloc{sizeof{cmap params)):
cu clear {mp_param, sizeof (cmap_params));

mp param->wf = cmap identity;
mp param->mp.ab.zero = 0;
mp param->mp.ab.one = (int)pow (2.0, {double}buff->depth) - 1;

ctm _begin(&time_1l);

pro3j buff = cpro_project (buff, 0, mp param,angle);
/*

orintf ("\nProjection time Rd",ctm_read(étime 1)):

* / -

free (mp_param);
mp _param = NULL:

return proj_buff;
)
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cross_finder.v

’*iiittii**ﬁ*iitittiii*iﬂitttt*iitiit!tit

«x f 5 **4% Symmetry Filter .

ii*tt*tiiii*it**iii*itiitt*i*iiiiitiiiii

o

*/

cip buffer *f_s(buff,sym buif, aym filter_size)
cip buffer *buff, *sym buff;

int sym filter_size;

{
int i,3j,sym val,buff_end;

ctm _timer time 1;

1£{!sym buff) {
sym buff = cip_create (buff~->width,1,32);

)
cip_set {sym buff,0);

buff end = buff->width - sym filter_ size;
sym val = 0;

ctm_begin(&time_1};
for (i=sym filter_ size:i<buff_end:i++) |

for{4=0; j<sym filter_size;j++) |
sym _val += abs (buff->get (buff,i-j3,0) - puff->get (buff, i+j,0)};

}
sym_buff-}put(sym_buff,i,ﬂ,symLpal):
sym val = 0;

}

/™
printf (™ ,Symmetry Filter time = ¥d",ctm read{étime_l));

*/

return sym buff;
)
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cross_finder.v

/**t*it*iiii*itii*t**i**i*t*ﬁi**i**itiifi
«% £ ] %wwe++ Laplace Filter "

iitltliitiiiit**iitt*ti ARAMEREREREE R RN

“w "

- - A T

. (=) (-)

30.0,2

*/

cip buffer *f_;1buff,lap_huff,sym;jilter;pize,lap_zero,lap_onel
cip buffer *buff, tlap buff:
int sym filter size, lap zexo, lap one;

{
int i.j,buff_ﬁtart,buff_gnd,lap_val,lap_gnd:

int lap_left, lap_right;
ctm _timer time_ 17

if(llap buff) |
lap buff = cip_createtbuff—>width,1,32):

}
cip set (lap_buff,0);

buff start = sym filter_ size+lap_zerotlap one;
buff end = buff-}width-sym_filter_size—lap_zera-lap_ane:

lap end = lap zero+lap One;
lap left = O;
lap right = 0;

ctm begin{stime_1):

for (i=buff start;i<buff_end;i++) {
1ap_yal-lap_end*buf£->gettbuff,i,OJ:
for(j-lap_zer¢+1:j<-1ap_end:j*+} {

lap val -= MIH(buff->get[buff,i*j.ﬂl.buff—}get{buff,i+j,0]i:

)
lap_buff->puttlap_buff,i,ﬂ,lap_yal!:

}

I3
printf (" ,Laplace Filter cime = &d\n*",ctm_read(&étime_l}):

*/

return lap buff;

]
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cross_finder.v

!ttiiiti*iitt**tiitl*i*ﬂt*iltiiiiiitiitit

sx £ m *xxx Finding Max value *
iiltti!ttti****it*tiiﬁ#ti*tiiiili*ii**tt

*/
int f_m{buff,flag,sym_filter_size,lap]
cip buffer *buff;
bool flag:
int sym filter size,lap;
{
int i;
int max pix,max_i;
int buff start, buff end;

max_pix=0;
max i = @;

buff start = sym filter_ size+lap;
buff end = buff->width-sym filter_ size-iap;

for(i=buff start;i<buff_end;i++) |
max_pix = MAX (max pix,buff->get (buff,i,0)};
if (max_pix == buff->get {(buff,i,0)) {
max_4i = i;
)
}

if(flaqg) return max ij;
else return max_pix;
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* /*ﬂtti***ttttiitttttt-ttt**t*iﬁﬁntttttttﬁ

“* f min pix pos **** Finding Min value*
R FR PSRN R RAETRRE RSN A AR AR R R AR R R AR NN

o A
./
int f;ﬂdn_pix_pﬂs{buff,flag,aym_filte;_;ize,lap)
cip buffer *buff:
bool flag;
int sym filter size,lap:
{
int 1;
int min_pix,min_i;
int buff start, buff_end:

min pixebuff->get (buff, (int)buff->width/2,0);
nin i = 0;

buff start = sym filter_ size+lap;
buff end = buff->width-sym filter size-lap:

/* exclude zeros */
for{i=buff starti;i<buff_end;i++) |

if (buff->get (buff,i,0))
min pix = MIN{min pix,buff->get(buff,i,0}}:
if (min pix == buff->get(buff,i,0}) I
min i = i:

)
}

if(flag) return min_i;
else return min_pix;
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{tt*ttitiiiinttittitttitni-nt*tiitttiiitt

** iclp plotld in_window sxe+ Plot *

TE R R B R & & *tit**!***'li!tittti‘l**ilt*i*ti**

«/
double
iclp _plotld in_window (data, window , horiz_, signed , connect_,
xacale , xoffset_, max_pel ,
fgnd , bgnd_, borderl_, border2 )

cip_buffer *data, *window_;
bool horiz_, signed , connect_:
double xscale , xoffset :
int max_pel_;
int fgnd , bgnd_, borderl_, border2 :
{
cip_buffer window, plot;
bool horiz, signed, connect;
double xscale, xocffset;
int max_pel;
double yscale, yoffset;
double ymin, ymax;
int fgnd, bgnd, borderl, borderl;
int depth, size:

depth = data->depth;

if (window ) {
cu copy (window_, ¢window, sizeof{cip buffer)}.

horiz = horiz_: signed = signed_; connect = connect_:

xscale = xscale ; xoffset = xoffset ;

max pel = max_pel :

fgnd = £gnd_: bgnd = hgnd_, borderl = borderl : borderl = borderld :

}
else |
horiz = 1; signed = (depth > B); connect = 1;
xscale = 1.: xoffset = 0.;
max pel = 0;
fgnd = 63; bgnd = 3Z; borderl = 0; border2 = 3Z;
cip window (caq_image, Ewindow,
(cag image->width - data->width - 2)/g,
(cag_image->height - 130) /2,
data->width + 2, 130):
)

-

cgr outline (&window, borderl}):

cip_window (swindow, &pleot, 1, 1, window.width - 2, window.height - 2);
=ize = ((horiz) ? plot.height : plot.width);

j¢ (bgnd >= 0) cip_set (éplot, bgnd) ;

{
int i, p;
double Y:

for (L = 0; i < data->width; $+4) |
p = data->get {(data, i, 0):
if (signed) switch (depth) |
case B: y = (int)} ((char) (p & Oxff)): break;
case 16: y = (int) {{short} (p & Oxffff)); break:

default: y = p; break;

}

else switch {(depth]) |
case B: vy = {unsigned int) ((unsigned char) (p & {xff)):; break;

case 16: y = (unsigned int) { {unsigned short) (p & Oxffff)): break;



5,717,785
23 24

- 1133@’;5 g cross_finder.v
) default: v = {unsigned int) p; break;

}
{f (i == Q) ymax = ymin = y;
else if (y < ymin) ymin = y;
else if (y > ymax) ymax = y;
}
if (max pel && ymax <= max_pel && ymin >= {((signed) ? = max_pel : 0)) |
ymax = max_pel;
ymin = (signed) ? -max_pel : 0;
)
if ('window_ && signed k& ymin >= 0) signed = 0;
if (signed) {
ymax = (ymax > -ymin} ? ymax : -ymin;
ymin = -ymax;
]
else ymin = 0.;
if {(ymax - ymin != 0.)
yscale = -(size - 1) / (ymax - ymin};
else
yscale = =-(size - 1) / 64;
yoffset = ymax * -yscale;

}

{
int i; jr ink, Y-
double step;

for (i = 3; i >= 0; i=<)
step = ymax / (1 << 1);
ink = (borderl + ((1 << i) = 1) * border2) / (1 << i};
for (§j = 2 << i; 3j; ==} |
y = yoffset + yscale * {(ymax - 3 * step):
if <horiz)
cgr_iline (&plot, O, Y. plot.width-1, y, ink);
else :
cgr_iline (iplot, Yy, 0, v, plot.height~1l, ink):

;
J
}

{
int i, x, v, p, old x = -1, old y = ~1;

for (i = 0;: i < data=->width; i++} |
x = i * xacale + xoffset 4 0.5;
p = data->get {data, i, 0);
if (signed) switch (depth) {

case B: v = yoffset + yscale * { (int) {{char) {(p & Oxff)) ):; break:
case 16: y = yoffset + yscale * {(short) p; break:;
case 32: y = yoffset + yscale * {long) p; break;
default: y = yoffset + yscale * (long) p: break;
)
else awitch (depth} {
case B: y = yoffset + yscale * |( (int) ((unsigned char) (p & Oxff)) ); break;
case 16: y = yoffset + yscale ™ (unsigned short) p; break;
case 32: y = yoffset + yscale * (unsigned long) p; break;
default: y = yoffset + yscale * (unsigned long) p; break;

)
if (horiz) { *
if (x >= D && x < plot.width && y 2>= 0 &4 vy < plot.heaght) |

if {(connect && old_x >= 0]

cgr_line (iplot, old_x, old v, x, y, fgnd);
else

plot.put (&plot, X%, Y. fgnd):
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else old x = ~1;

}

else |
if (y >= 0 &6 y < olot.width && x >= 0 &k x < plot.height) |

if (connect && old y >= 0)
cgr_line (éplot, old Yy, cld x, ¥y: X, fgnd);
else
plot.put (&plot, ¥, X, fgnd):;
0ld x = x;
old y = ¥:
)
else old vy = -1,
)
}

return yscale;
}

/t**i*ittttttittniﬂntt*tntt*iittttttntttﬁf
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* Copyright (c} SDate: 91/11/21 16:34:25 §
* Cognex Corporation, Needham, MA 02194
*

* $Source: /nfs/lex/products/x000/szc/cpro/image_project.c,v §
* SRevision: 1.13 &
* SAuthor: scl §
* SLocker: §
*/

/* 44+ %/

/* image project ()
* Pproject Image onto Line at Arbitrary Angle
* For now, works only between -45 and +45 degrees.

./
(2 - #f

static char sheader = "SHeader: /nfs/lex/productsa/x000/src/cpro/image _project.c,v 1.13
53/11/23 16:34:25 scl Exp §%;

#tinclude <which bd.h>

#if C_BOARD==C_UNIX

tinclude <histogram def.h>
histogram *image project ()

{ unsupported (“"image_ project"):
)

#endlf

$if C_BOARD!=C UNIX
#include <cip.h>
finclude <cct.ho>
finclude <cpro_er.h>
dinclude <cpro_def.h>
#include <cchk_er.h>
#include <blob.h>
¢include <vm7s_def.h>
#include <vcp.h>

extern void project _strip():
extern int project_table [186]:

static char loop adjust_table [16] =
‘ or ur nr or
1, 0, 0, U,
1, 1, 0, 0, .
1, 0, ¢, O}):

/* loop control() returns values in d5,dé,d? which are used to

* control the execution of project strip(). It project_strip() is to
* be called in a loop, using the same control values, the variable

*+ muidth™ passed to loop control() must be even to preserve the image
* and model alignment.

*/

void loop control {image, width, d5, d6, d7)
register cip buffer *image;
register int width;
int *d5, *deé, =*di:
{ register int
code,

wodd,
weven;
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code = ({{int) (image->rat[{] + image->x_offset) & 1) << 3) + (width & 3).
weven = (width >> 2) - loop adjust_table [ccde] ;
wodd = (width »> 2) - loop_adjust_table [code + 4}):

/* There is a special case when the image alignment is odd, the
« model alignment is even, and the width is 1.

=/

if (weven < 0)
{ weven = (;
*d5 = ((project table[code + 4] - project table [D])
& OxFFFF) * O0x10001;
}

else
*d§ = ((project_table [code}] - project table [0]) & OxFFFF) +
({project_table [code + 4] - project_table [0]} << 16);

*d6 = ((B - (weven & 7))} + ((B - (wodd & 7)) << 16)) << 1;

+d7 = {(weven >> 3) + ((wodd >> 3} «< 16):

histogram *image project (ip, tan_theta, projection, 2z hist)
register cip buffer *ip;

int tan theta;

histogram *projection;

histogram **z_hist;

{

int bn, *bins; /* # and address of bins needed for projection */
int ix, sw; /* Image strip coffset + I_load, strip width */
int 45, 46, 4d7; /* Loop control registers ® /
int n; /* Number of pixels per strip. ./
histogram *ehp: /* => E histogram «/
histogram *{(*zhist_function) {):
register histogram *ph; /* projection histogram */
register int i, *bp; /* counter, bin pointer */
struct /* This histogram is for reading the E array in »/
{ histogram h; /* case the caller doesn‘t want it so we can do */
int bins(256];: /* a consistency check * /
} ;
eh;
/* 1f no projection was supplied, make one ~/

bn = CPRC_BINS{ ip-> width, ip-> height, tan_theta );

if (!{ph = projection})})} ph = make _hist (bn):
else if (ph->bins < bn} cct_error (CPRO_ERR_BINS);

/* Set range and clear the bins * /

bins = (int *) (ph + 1):
for (i = ph->range = bn, bp = bins; i; ==-i)} *bpt++ = 0O

/* Return z histegram in 2_hist if requested.
« Otherwise use the internal histogram "eh™.

*/

eh.h.bina = 256;
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eh.h.valid = 0;
ehp = z_hist ? *z_hist : &eh.h;

/* Loop over all of the strips. Pick an even stzip width such that the
« number of enclosed pixels is less than 65K,

*/

aw = ip->width == 1 7 1 :
min(min( 0x10000/ip->height, 254 ), ip->width } & Oxfffe;

n = ip-> height * sw;
loop_contrel (ip, sw, £d5, &dé6, &d47);

/* The z histogram is initialized with write_zhist(}, and accumulated
* ysing add zhist(). This is necessary to avecid E array bin overflow.

*/
zhist function = write_zhist;

grab vmm7s ():

if{ tan theta >= 0 )

{
bp = bins;

for{ i=ip->width, ix=ip->x_offset + I_load; i>0; i -= 8w, ix += sw )

{
if( i1 < sw ) /* Last time through */

{

Sw = .

n = ip->height * 5w;

loop control{ ip, sw, &dS5, &dé, &d7 };
}

prcject_ptrip{ip+>rat,ix, bp, tan_theta, sw, ip->height, d5,dé,d7);
zhist function( ehp, n ).
zhist functicn = add_zhist;

bp += 3w;
)

]
else /* tan _theta < 0 */

l
bp = bins + max({ ip->width - 3w, 0 ):

for{ i=ip->width, ix=ip->x_offset + I_load; i>0; i -= sw, ix += 3w )

{
{£( 4 < sw ) /* Last time through */

{
sw = i;
n = ip->height * sw;
loop control( ip, sw, &d5, &d6, &d7 ):

'pruject_;trip{ip-}:at,ix, bp, tan theta, sw, ip->height, ds,dé,ad?);
zhist function( ehp, n )i
zhist function = add_zhist;

bp += -min( i - sw, 8vW );
}
)

vmm7s_inuse = 0:
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101802 % image_project.c . ,

“/x Clear . .. ' 3 because moml

% Clear ehp-> ml_valid that {write,add] zhist(} set :

/* was read from C[0)], but when using project_strip() it isn't valid.
* Finally, check that the E first moment equals the proijection

« Oth moment.

*/

llllllll

4
q 1

4.4 4
FANDTOTRL
O

ph->n = ip->width * ip->height;
ph->valid = {(1<<bn_valid) | (l<<n_valid):
momenta (ph):;

ehp->valid &= ~(1 << ml_valid):
moments (ehp);

if (ehp->momll != ph->momQ || ehp=->momlh)
{ if ('projection) free (ph);
cct error {(CCHK_ERR_CHK):
]

return ph;

}
dendif
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* Copyright (c)
* $0ate: §1/11/21 16:20:81 ¢

* Cognex Corporation

: Needham, Massachusstts

* $Source: /nfs/lex/productsfxﬂﬂﬂfdef;fhistogrnm_d!f.h,v $
* $Revision: 1.7 %
: $Author: sel §

+
!{fndlf histogram_def
fcetine _histogram def”

fu *iiiﬁiiiiiiiiﬁi#liﬁriii-itriit**ii-it
w

w
* A Histogram and Associated Daty *
* -
*iiiiittlitlii-*tii*iniliiiti*'i'ﬂ*ﬁﬁ

A histogram consists cf a header structure and iome number ¢f longworg
cata birns, sllecated as one cortiguous vegion of memory. The headsr ho)ds

some bookkeering informaticn and has slots for dvery quantity that 1 thought
yeu night want 19 derive from 2 histogram, The bins defire a one-dimensione)

funttion h{1), where 1 15 the bir incex and hii} is thko contents of binm s,
The tins are alwiys numbevrod starting with D.

In typical use, make _hist 1s calied to allocete an erpty histogram, The

ml/s translation table f5 set up and o vi?/s routine 15 called to £11)

in the bins from an image. Fistogram prncessfn? routines are then cadled

to £117 $n the darivad quantities as neaced. Fimally, Lhe Mstogram 1s
deallocated with 3 call to frae. Othar variations are possible, of course.
If the number of bins fs Known 't compile tims, 3 histogram car S0 allocated
A5 an sutomatic variable or the stack (1 struct tonsisting of & header
foliowed by the bins, for exavple). The histogram need not be computed by
vil/s or even from an image,

For sach quantity in the histogram, including the bins and 211 derived
Quantitiss, thers is a bit in the header e¢)ement "valid® that If set
indicates that the correspending quantity has been computed and thoyuld bs
considered valid. The function make hist clears 411 va id bits. The

rodtine that f1lls 1n the bins will et tn valid and n_valid, snd possibly

soné of the moments 1 known. Yhe rest of The bits are set as the Quantities
dre compuled. :

Tae valid bits have thres purposes: 1) To prevent inadvertant
Use of the birs befcra thcﬁ tre f1lled In. 2} To save time Dy allowing
routines to compute fust the quartftiss that thay need without computing
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any guantity more than once. 3) To provide hardware anc softwars
recundency checks. Any routine that st part of 1ts normal cperation can
corpute a quantfty at no significant coast, should do s regardioss of
whether that quentity has been asked for or is alrsady valid, If the

quanlit{ is alveady valid the vocomputed value {5 checked agasnst the
value aiready in tha header, and & throw or chk trap is taken if they

gisagree, Redundency :hecking {s very {mportant for vm?/s operation,
whare subtle hardware anc software problems might exigt and » significant

gncunt of redundent information ¢z avaliable. for sxampis, ona sarious
software problem that can be detected 15 fasiing to observe the convention

that the entire £ and C arrays must be loft 0 by ary rautine using /s,

One of the derfved quentities in the header {s the 101 element irray “ic",
which 1t the invarse of the cumulativa function of h(i). Tha index of ic

is measured in percent, from 0 $o 100 inclusive. The quartity ie[i] is a
hiziograa Din Ingex, such that J percent of the ared under the funct’on

h(1) is at or to the 1eft of that bin. Mcre precisely, fefi] s the
smailest integer such that

1c[3)
! \
----- - > h{i} sa ceu..
momd [/ 100
i =0

except for J = 0, where the ">«" is renlaced with 3 ™"
ibe inverse cumalative has many uses, 1c£5n] is the median (blue dot)

of h(1). Left and right tatls can be leoked up directly fron ?armters
expressed in percent, for excmple ic{8) and 1c[95) For 5% *atls. Min anc

max fmage values can also be Tooked up -- they are 1¢{0) and ic[100].
A1 of these quantities are important both for grey scale histograns
and spatial histograms,

*/

/% The histogram heaader. */

typedef siruct

( short -
bins, /* nimbar of histogran bins available ‘/
range; /* numbar of bins {n use ./
unsigned 1nt ) | _

valid, /* "Val1d® bits for derived quantities, v/
R, /* Number of sampies used to make the histogram ¢/
nond, /* Oth moment: SUM [hp}] -/
moe.1h, /* 1st moment: SUM {1%a(4}] High order part. "/
morll, /* Lew part of ]t moment of
mongh, /* 2nd moment: SUM ;1*1*!.{1}] High oroer pert. */
nom2 ) , /¥ Low arder part of 2nd moment. Y,

Pean_SaTe e, /% {(momd / n} * 100 .7
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mean x, /* fmnmlf nemd) * 100
variance, /* {momd - mom] * momrl / n} / n ¢ 100
sd; /* sart (varianca) * 190
short
\ ic [101}; /* inversa of cumulative.
histogram:

/* Histogram valig 0it ussignments. This ¢y dune as an enumeration

type $0 that tha valies can ba made avatlable te sstembler code
with hZads.

¢
eﬁur valid bits
{ bn_valld, n_valtd, md valid, ol valid,

n2_valid, ms_valld, mx_valld, vrvaliq,
3d_valid, tc_valig

)3

/* This strycture contatns tha histogram structure & bins for

: an fntensity histogram.

¥

#cafine I_BINS 256

typedef siruct z_histogram
{ histogram h; /* The histegram header ¥/
int bins[ Z_BINS ]i /* The histogram bins ¢/

)

r_histagram;

landif

- - = s - .- . a1 r ey el gl 11 W L L il - ' b

*/
*/

*
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Copyright {c} ${ate: 30/08/16 15:59:53 § Cognex Corpsration, Needhar, WA 62194

$source: /nfs/lex/proqucts/xC00/src/epro/vp_project strip.méB,v §
$Revision: 1.8 §

$Author: peter §
$tocker: $

» % ¥ % B B

-« AhRRmwddddbdndnbiv ittt dbdndawkgdhondnvri itk td
&

Project Strip of Image onto tine at Arbitrary Angle *

;liiitlt*i***ﬂftiiit*fi*iititiiii*iliiii*tili*lttii*l*#**

WA o & Ak

il ol

* For now, the same code runs on YM3 and WKIC. The entima® code on
* YMIC should use the A-register mode.

neiist
intlude section. 168
{nclude which L. 168

{fne  C_BOARD.C UNIX
inciude argaff.168

include vep. 168
include rept.{48

1153
cur_section cata

D¢ ‘$Source: /nfs/lex/sroducts,/x000/sre/cpro/vp_project strip.zB,v §'
DC 'SRovision: 1.8 §°

xdef  _project_strip,_project_tadble
veid project_strip {reat, toffsst, Ding, tar_theta, wicth, height, <8, d6, £7)

: char **rat, /% RAT from image */
int
* {offset, /* offset of strip, + ] load t/
. *hing, /* starting address for bins of préjeition "/
* tan theta, /* tan{theta) (31.18) i
¢ width, /¥ width of strip, <= 254 7
*  helght, /¥ hafght of strip 4
ol c5, dé, ¢7; /* initialixers for loup cantrel registers */

* rea{ster save 11st
rsl reg d0-d7/a0-ab

» W vl eddraldegir o i R W
=

Entry Point :

whk SERE o g
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;*tt*tiitiii*tiii
* registers:
. 0
. dl made]l address increment (32.1€)
& 42 row counter |
. g3 medel address offset, fractione) part (32.15)
' d4 {nner loap counter
" gt row eniry point offset pair
v dé innar loop entry point offset pair
ol d7 inner loop court patr
- ad «> modol cades during loop
* 1] -» 1rage pixels during lo0p
d 22 > {mage RAT
. 23 -> next C element to read
. ad -> naxt histogram tin to write
’ a$ -» node! cedes for start of row

ur_ssction fast
_prolect strip:

Tink 6,40

nosen.l rsl,-{sp)

* ynitfalizatiorn
moven.] argedl{ad),d2/43-47 * Joad 8 bunch of registers from args

subq.w  #],d¢ * for dbf

mveq #0,d3 * 0 model offsat
move.l argls)(ad),a? * <> RAT

move.l A0 array,dl -> C array
rove.l argd3l{ad),ad ->» naxt bin

a5 -> mode] codes
tin(theta) -> dl

<07

yes, abs{tan({theta))
adjust madal code pointer
adjust C array pointer

eove,] #rodel ccedes,al
move. erISITlG).dI
bpl.s .2

reg.1  d)

HT 254{ab),05
meve.w  argSSw(a€),d0

2 BN N K BN BN B

17w 42,40
adé.w d0,al
120' br‘t-‘ .lﬂ
nextrow:
ad<.1  di,dd * update mocdel offiat
bcir 416,43 * overfiow to integer part?
beg.s .10
swap db * yos, swap odd/aven model a)ipnment
swap a&
Swap d?

tst.w Ifg“][lﬁ] * tan(thata) >= (*
bet.s .}
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A1

128

.10

Q0!

YR
eed:;

nugz
€ey.
eel:

pol:

032°

oel:

osl:

mave.
add.
adde.1 #1,a8
15%.b

bre.s

bra.s

move.]

1d4. ]
tst.b
bne.§

crp. |
bne. §

TLVE.W
move. i

3dd.]

move,
add.}

crpm. b
CTPM. &

cmpm. b
cTpm. W

¢, b

CRpT. D

tst.v
t$1.D

cmpm.w

13%.%
ist.b
Cmpm. w

513)+,d0
B.{(a4)+

(»8)

10
-254*4{a1},43
'{34“5’*‘5

-(43),¢80
a0, (ad)+
-{a5}

32
2B4{a85),128
5 array,al

10

254%4(n)) a3

d7,d4
83,30

i 102d,a0
tal}+,a)

;r32$1{:5}.11
oe0(pc,d5.w)

(a0)+,(2]1)+
ilﬁ)+.lil}+
bﬂDQIPC,dG.HJ

(an}+;i11}+
{aﬂ)+, al)s
popl{pc.dS.w)

(ad)e, {al)¢
Yoopl(pc,ab.w)

{aﬂ)+,!a1)+
oopl{»c,86.w)

{ad)+

al J+
all+,{al)+

YecpZ{pe,dE.w)

lﬂ!+

Rl}e
al)+,lal)+
Toop3{pc.db.w)

t yoi1, ugdate next projection bir

+ sdvance mocel pointar
* handle wrap around

* wrap C pointer
* wrap N pointer

* tan(thets) < 0, update protection

* hin

* sdvance mocel pointer
* wrip medel pointer?

w y..'

* wrap { pointer?
* yes

* jnit inner loop counter

* starting address for medel codes

* gtarting address for next imaga row

* Jump to i of 18 possible eniry
: points deperding en aiignment
. and width % &
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ped:  tst.w  [(a0)¢
tst.b {al)e
Jrp Joop2(pc,db.w}
ced:  tst.w  {a0)+
tst.b §II)+
Iro oopd{pc,.db.w)
ecd:  tst.b (a0)+
crpy.w  {0)+, (al)+
o Teopd{pc,dé.w)
e0l: tst.b  (a0)4¢
Imp loope (pc,d8.w)
eol: tst.h {IU}*
Jrp 00p3{pc,ds.w)
803; tit.b [IO 4
copr.w {80} +4,(0))+
oo Tloop2{pc,db.u}
toopd: our rept 8,<cmpm. ] (a0)+, (al)+>
dbf dé, eapd
bra.s rowend
toopi: our rept 8,<crpn.] {al)+, (ai)e>
dbf d¢,laopl
crpro. b {aD)+, (al)+
bra.s  rowsnd
loop2: our rept §,<empm.1 {a0)+, (a1}
dbf  dd,)oop?
tat.b  (al)+
brs.t  roweand
loop2: oor_rept 8.<crpm.1 (a0}, {a)}+>
dbf”™  d4,100p)
cmpm.b  (a0)+,(al)+
tst.b al)e
rowend: ¢bf  dZ,nextrow

¢ done with strip, writa qut rest of binms
WONE. ¥ argssw{lﬁ .1 “ ¢ of bins tc write
tst.w lrg#il ab

bmi .3

* tan{theta) >= U caxe
addg.t  #l,.ab
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Era.s .4)

A40:  ove,1 (a3)e,d0
add.1 80, (ad)+
tst.b {ad)«
bne.s .d1]
Tea  -254=4(23},a3

M dbf dl, .40
bre.s LS50

* tan(thetd) < 0 case

32 sub.1  #M Ypad,ad
bra.s .31

30 move.l -{a3),d0
add.l  ¢0,{ad)+
tStlb '{la]
bre.s .11
1ea ZSt'Jatl),tJ

l]l : dhf u1| 13

A0 mever.) [sp)+, 5]
unlk ab
rts

_prolect_table:
gc.l  eel,ee),ee2, ee)
dc.  eo0,e0],002,003
de.l osl,0nl, 002,03
dc.1 000,001 ,002,003

mocel_codes:
de.b $00,%01,807,$03,804,465,$06,307,508,$09,3CA,308,$0C,$00,50L,$0F
gc.b 310.5111512.$13.$1i.$15,$lﬁ.317.313.SI?.SIA.$1B,$1E‘$ID.$1E.$1F
dc.b  $20,8$21,322,523,524,925,825,827,%28,829,824,328,32C,520,82¢,82°
de.b $30.$31,%32,833,334,835,$36,$37,%38,935,33A,53B8,53C,830,33¢,83F
dc.b 540,511.542.543,344,545,$4ﬁ,$47,343,549.141.SdB,SGE,SQU.S#E.S&F
dc.b 550,351.552,553.554.555.556‘551,553,559,S!A.SSB.SSC.SSD.Sﬁi.SSF
de.b 560,;51.SGZ.SGJ.56¢,$5E.iﬁﬁ‘357.563,569.SGA,SBE,SBC,SGD.SGE.SEF
de.b S?ﬂ.$?1.512.173,5?4.‘?5¢5?6.377.S?B.S?Q,S?ﬂ,S?B,i?C,t?D.i?E.i?F
dc.b SEQ,SBI.SBZ,533.354.SES.556.SB?.SEB.Sai.SER.iBB,$BC.$BD,$!E,SBF
dc.b 550.5?1,iﬂZ.iiJ.SSi.lBS.iiﬁ,5!7,5581599.59&.593.$9C.!SD,59E.39F

s, b $Aﬂ.$hl‘iAZ.SAJ,SA‘,SAS,SAE.SA?,SAE.SAS.SAA.SAB,SAC,ShD,SAE.SiF
c.b $Bﬂ,SBI,352,553.354.SES,SBE.SE?,SBE,SBB,SEA.SBE.5B£,SBD,SBE,$BF

dc.b  300,501,8C2,8C3,3C4,5C5,306,5C7,9C8,5C9, $CA, SCB, §CC, $LD, 5CE, 3TF
de.b 300,801,802 803,804 $085,506,807,508,309,8DA, 508, $0C, $0C, SOk, 3DF
dec.b SEG.SEI,SEE,SES.Stl,SES.IEG.SE?.SEB.SEB,SEA.SEB.SEC.SED.&EE.SEF
de.b SFO.SF1,8F2,8F3,8F4, SF5,8F6,8F7,5FB,3F3,§FA,SFB,SFC,$FD
de b $0C.301,502,808,%04,505,806,507,308,309,504, 808,400, $00, $OE,$0F
dz.b 310.311.512.513.Sll.Sl5.lli.il?.515,sli.SIA.SIB.SIC.slB.SIE.SIF
de,b $20.321,$22,823,382¢,825.426,527.428,820,82A,%28,32(,52D,%2€E, $2F
dec.b 33D,$31,1321133.$!£.335.33&.53?.#3!,539,SJA,$331$3¢.$SD.$!I;$3F
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£40, 541, 847,963,944, 545,346,947 ,$95, 349,344,348 44, 40, 34¢ , 348
$5C,$51,552,553,554,865,456, 557,458,359, 85A,858,45C,350, §5E,55¢F
60,851,562, 563,554,365,566,457,368,985,95A, 568,360,360, 368, 56F
$70,$71,572,573,474,575,476,877,978,379,47A,§78,87C,$20,87L, . 50F

$80,¢81, 982,583,584, §85, §85, §87,$38, 980, 84, §88, $a(, $80, SBE, $8F

$90, 991,832,593, 594,995,536, 497,498, 09,894, §98,$3C, 40, §9E, S9F

CAD, AR, SA2, tA3 SAL SAS SAE,SAT,$AR, SAD, SAR, SAB, SAC, SAD, SAE, SAF
¢Be,$B1, 302,503,584, SB5, $86, 587,388,159, $8A, $8B, $BL, 58D, SBL, SBF
§CO,8C),572,5C3,$C4,$05,5C6,5C7,5C8,5C9, $CA, $CB,5CC, 800, SCE, SLF
$00, $D1, 502, §03, 504, 305,506,307, $08, §28, DA, $08, $0C, 300, $OE, SOF

$£0,5E1,SE2,1E3, SE4, SES, $E6,$E7,9E8,$E9, SEA, SEB, SEC, SED, SEE, SEF
§F0,$F1,8F2,5¢3,5F4,5F5, SF6,5F7,$FB,$F9, SFR,$FB, SFC,STD
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Copyright (¢) $Dats: 81711721 16:28:16 §

Cognex Corporation, Needham, MR 0284
$Source: fnf1/1exfprnduct:fxbﬂﬁf:rcfcprnjvp_imageﬁxhi:t.msa,v s

CRevision: 1.13
$Locker: §
plen 52,20

« i i d SO TeTrd
9

L X Histogrln':

W & % =

aal ol b

|
- drdi i e dirdrd doded

* for row, the same code runs on VNB and VHID. The optimal code on
¢ W16 should use the A-register mode.

notqst
include section.i68

inclugs which bd. 168

ifna C BOARD-T UNIX

include calle.i68
include argoff.i88

include vep. 168
{ncluda image xnist hE8

list

our section data

18 ‘3Sourcs: !nfsila:{pruductt{xﬂbﬂ/:r:{:prqfvp_jn:qu_;hl:t.mﬁﬂ,w $’
Dl ‘$Ravigion: 1.13 §'

xdef  _image_xhist
xref  _E_clear, write zhist, mike_hist, cct_error
sref  _grab_vals, vm7s_inause

* histogram *mags_shist (Insge, x hist, z_hist)
¢ cip buffer *image;
+  histogram *y_hist, **z_hist;

-
» Compute and return a X (sum of columns) histograe from » FASTE image.
* If requested, alsy return a Z histogram of the image. If the x_hist

* argument 15 0, 4 new histogram will be allocated. If 2 hist is 0, no

* 7 histogran ¥i11 be returagd, 1f 2 hist points to 2 0, 2 new one will

* be allocated and returned to *z_hist. Otherwise use **2 hist.
»

« Stack framoa:

pffset O

ds.] 6+4
reags egu -  register save area
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ds.]
bins T
ds.1
rit equ
ds.1
counter equ
ds.w
pdd QU
ds.b
ds.w
tode” equ

H

:* * .ycurrent poysition in xhist bins

I

-+ * copy of imege-orat

]

i* - % procomputed inner loop counters

- * 1 4f {mage has odd wlignment

5+254+8

o ¢ model codes must be highest on stack)

* fegistar save [ist

rsi reg

d2-d7/a2-15

our section  Tast

%

-

¢ d3
d da
¥ db
* g6
*

b a3
- as
. a8

_inage xhist;

11nk
ROVER. |

nove. )
BOYE ., %

and.w
bre.s
calle
ol nove.)

nove.1
»oveq

move .«
nowvag
movE. W
movegy
nova.w
move.l
add.n

Register usa during initialization:

'GDD Iy

image-> hefght
image-> x offset
{mage-dwidth

-> {nage
imege-> rat
normal link pointer fer argument references

ab, fmode)

rti.rcqs(aﬁ)

argl$)(af),a3 * 23 .> {mage
cgg_bu$f¢r$f1lgs{|3].do v
JEIPEFLAGS_FAETa.:O

cct_arror,4,4C1P_ERR_PELDEPTH

cip_buffersratiad), a5 “« 35 -> RAT

at, rat{aé) - |

#0,d8 * *
51p32uffer$width{13}*dﬁ : 46 « {wage-> width
ciﬁabufflrihcignt(IS},d# : 4 = image-> height
£0,05

cip buffarsx_offset(ad).dd * d5 = Ymage-> x_offset
{25} ,03 .

4s,d3 .

56
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and., :%,did 5 « 43 s 1/0 : 0dd/even 3]ignment
fOve . K ,odd(a

add. il_\cté,d; * ymls control bits

gudb.l  di,db v word-align rat{n]ad5

¢ Sat ¥ Mstsgram, allocate if nacessary, chock for suffizient bing,
* s¢t histogrem range, got pointer to bins.

move. 1rg2$1{a&).dﬂ
220

bre.}

callc make hist, 4,4b
220 pove.: 60,80

move.) d0,arg2$1{ab)
chk histogramsbins{al),d6

mcve.w d6,histograr$range(id)
move.w ¢&,d0

wly  d6,40 | * Nurber of pixels.
move . | dD.h{:tu?ramin{tﬂ} “

walid equ  1<cbn validelecn validi)ecnd_valid
move.] #avalTd,hictogranSval 16{a0)

elr.!  bistogram$momd{al)

B & ¢ ¢ % & 2 »

lea histogranm${anv) 40 * - bins,
neve.] al,bins(a8)
t5t.}  d0 L * § width or height mode: ?
bre.s .4
move.] 46,d3
bra  writex
¢ (ampate model codes. Registers:
al node} pel
dl bin counter
dl "odi", then slice width
dd image-> hofght
dé inage-> widin
3l -> meds] sreay

* model for even {mage: codes 0 - 253, B don’d cares
« rocel for odd image: 1 dc, coges O - 253, & de’s
* 1f the {mage 13 < 254 wide, a smaller mods) §s written to the stack.

« 4 wide irage ts processed in 254 pel siices, Por gach s1ice 256 pels
* are fetched, but two correspond to a don’t care. For the last slice of

* the tmage, up to 7 bytes past the end of row ave Tetched, since the

* 2913 are fetchad 2 longs at & time. For this resson, write out 8 dc pels
+ {nto the moda) bafars doirg the last slics.

A 183 modal{s6)}.a0 * 30 -> model array.
tst.b 41

bag
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ocve. b "1:[‘“)"‘

.5: move,1 6,83
ETp.u igsi.d3 ¢ does the image fit in 1 slice
e .
move.w #2bd, d3 * no, the slice 13 254 wice
rove.w (4,4l * precorpute inner 100p counter

subg.wx #1,6}
1sr.w  £2,d)

swap  dl * d1$h « ( height - 1 )}/4
nove.w #11,d] * 3181 = (pels+l)/8 - 1

move.] dl,counter{sf)
& meva.w d3,d2
subg.w ¢1,d2

noveq 10,40
Ry move.b do,ét0}+
3ddq.b #],40
abra d2..7
moveg  #6,42
moveq ¢-1,d0
B move.b d0,(e0)+
dbra d¢, .B

* Register use for input enc outpu: Toops:

el h{ word: &-rows-at-2-time counter

1o word: 8-colum blocks ceunter
dl {nit4al counter values for 40
g; Jumn table offset for processing remainder rows.

s$){ce width
fmage height

 §

*

b dd

y g5 s11ce offset - ODD + 1_load
: 4t image width

¢ d? rodel pointer + M_ioad

b . 1st row pointer

. al 2nd row pointer
-

|

.

*

al Ird row pointer

a3 1R rOw pointer

ad indexes thru model
25 image-> rat

Rows will be processed & at 3 time. The remeining vows are dere firsti,
an index in%e a jump table to sccomplish this 15 computed in a2.

move .w dé,d2

gubg.w #1,d2

and.w  #3,d2

1s).w  #2,82 *d2 = ( { hetght - 1 ) %4 )~ 4
Tea rodel (ab) a4 * Init mode’ pointer

add.1 MM _Toad,ad ®
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move.l a4,d}

jsr _grab_vn7s
siice: move.l counter(a$),q!

gmn.u ¢6,d3 * {5 this the Yast slice?

ne :

1ea mode} (a6),a0 * yos, pad tha end with don’t cares

add.w  odd{zE),ad
add.w  di,af

moveg #6,d0
.9 move.b dl,{a0)¢

dbra  40,.9

move.w ¢4.d] * ard recompute counter
subg.w  #1,4]

1sr.w  #2,&1

swag 4 * di1Sh = { haipht - 1 }/4

nove.w d3.81
add.w  odd(nb),dl
subg.w #1,4]

asr.w £3,d] * 41§71 « (pels+?)/B - 1

L0 move.l ratf{ab),s$
nove. 3!5}+,aﬁ * Feteh first row painter
add. 5,20 * Add x_offset to row pointer
nove.l d7,ad * {n{t mode) pointer
nove.t ¢1,d0 * Init row and block courlers.
nove.] etablaipc,d2.w),al * Jump into the computed ESP.
mp  fal) *

* Entry point table for the remaining rows,
etable: dc.] 110,.120,.130,.140

®* Do ona 1efrLover row.

J100 Isrw #1,d4C * The loop {s expanded,
. hee.s 110 * ¢p reduce the count.
111 cmam 1 {ad)+ 4 model, & pixals
oer. | 114E+.\l } * 4 model, d ptxll:

112 cm l ] (s .{a ¢

erpm. | i +.{tﬂ .

dbf o111 .

bra 144 * dane, now do 4 at & time
* Do two leflover roms.
.120:  mave.l ({aB8}+,al * Fstch second row pointer

add.l 5.a2) * Acd x offses to YOm pointer

62
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A21.

132

ISr.w
BLe. s

crpn. |
cmpm. |

cmpim, 1 {a!f+ {20+
crpd. |
cRpm. |

tUbf
bra.s

wo A [a4}+,;a0)+

1,40
122

adle
all}s,

4
+

;:4 +.t:0
1l +
do, .12

144

* o thres Yefrover rows.

.. 30

L
e

Lad
,P-
LI ]

.132:

nove. ]
adc. )

Pova, |
acds.)

lsr.w
bec. ¢

copn, |
cmom., |
copn. |
< L

cmpm. |

W
cmpm. 1
cmpm, |
¢bf

bra.s

(2h )+, 2l
ds,e)

19)+,82
5,82

1,40
132

(34)+, {20+
!l! ID}+

{11
{cz

(ll
(24)+, au

al;- 1l)+
312 {az;+
0,.13

144

* Do next four rows

. 1843:

nove .
SWip

&7, a4
dl

nove.w dl.dl

nOVYR. }
add 1

5151+.1n
5,a(

* Entry point for no leficver roas

* The Toop 15 sxpanied, 30
* reduce the count.

* § model, ¢ pixels

* & modal, ¢ pixels.
* 8 pixuls from row ¢

* Next chunk. Note that the next
* mcdel codes are being loaded,

»

* done. now do 4 at a2 time

* Fetch third row pointer.
* Add x_offset to row DoOinter

: Same for third row pointer

* The Yoop 1s expanded,
“ 50 reduce the court.

* 4 modei, 4 pixels
* 4 model, ¢ plxels

"8 olxels from row 2
* B pixels frosw row 2

Next chunk,

¢ & & w @

* done, now do & at 3 time

* {nit medel pointer

* save row count
* {nit Dloack counter

: Make the first row pointer
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140 move.) (a8)+,al * Make tha second row pointer
d.l 45,1} *
nove.1 {al)+,a2 * Hake the third row pointer
add.1  ¢8,a? .
move.] él! J+,23 * Maks the fourth row pofinter
add.l  0%,2) ’
1sr.w 41,40 * Loop §s expanded,
bee.s (142 * raduce the leop count.
141 cmpm. i:4)+ , (4D + * 4 model, 4 row 1 pixels
copn, * { model, ¢ row 1 pixals
cmpe.]  f(al)+ 11 'l * 3 row 2 plxels
cmpm. 1 (a2}+, (a2)+ * 8 row 3 pixals
eopm, 1 (ad)+,(83)4 * 8 rov { pixels
42 coepm.) ¢, {al}~ * Reloac the modal fifo, do
cmpm. | }+. 20)+ * the next chunk,
empm. ) (al}+.(al)+ .
cmpm. | i2}+ [i2i+ ¢
cmpw, | Il]* (03)+ *
dbf 60,141
44 xwap d0 * done, Qet row counter
dof g0, . 142 * 4 more rows?
: Registar use Curing histogram writing.
. D loop counter
¢ di Sum of pixals
: d3 $lice width
* tomp
¢ a2 -> xhist bins, then ->xhist struct
: 23 -> vm7/3 C[C)]

writex: move.l 4#C array,a3 * 23> C array.

* Write the x_hist bins, and compuie the sum of 31 pixels

-

move.w 43,dD

moveq #0,d]
move.] bins{zb),a2
bra.s .0l
200: move.l (33)+,20 * Get the sum of 4 column,
move.1 a0, (a2)+ * ¥rite it to x hist,
add.1 a0,dl ¢ Keep a total of 111 pixels.
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*?ﬁl:

* go t¢

* Write

210
2111

dbf dt,.200 ¢
move.] a2,bins{aé)

move.1 arg2$i(a6),az

add.)  dl,Mstegramsmomo(az)

noxt slics

1b.]  d3,ds * compute width jeft to go

d.l 43,45 * add slice just done to offset

cap.l  d8,a? “ mcre than 1 sYice rematnaing?

blt $lice

nove.) d6,d3 * 10 - do possibly smaller ast s)ice
bne  slice t inless we're a)} done

2 hist 1f vequested. |

nove.7 argd$i{at),do ® Branch 1f z_hist not requested.
beg.s ,210

rove.! d0,ad

calle write_zhist,4d4, (a0),histogramsniaz)

move.l d0Q,el * Since moml wasn’t tn C[0] a3 expacted
move, ] hi:tngrnmSmmm£(12].hlsto:rlMSmamIT{11) * by write hist, store
cir.l  histogram$momih(p))

move. | dﬂ.‘lﬂ) * correct value and return 2_hist
bre.s  ,2]] ¢

Jar £t clear * not requasted, clesr &

cir.b  _vmls fnuse

wove.l arg2$T(af),dc * Return x hist,

moven.l regs(ab),re) ¢

unlk  ab *

ris |

ende

Ty
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I claim:

1. An apparatus for identifying a linear pattern, having an
expected radius less than or equal to a value r, in an image
signal, L, said apparatus comprising:

A. projection means for generating a projection signal, P,
representative of a projection of said image signal
along an axis substantially aligned with an expected
orientation of said linear pattern, where said projection
signal, P, is comprised of elements P;, where i is an
integer between 1 and a length of said image signal
along said axis.

B. mirror symmetry filter means, coupled with said pro-
jection means, responsive to said radius and said pro-
jection signal for filtering that projection signal to
generate a mirror symmetry signal, S, representative of
the degree of symmetry of the projection signal P about
each point therein,

wherein said mirror symmetry filter means includes
means for filtering said projection signal P to generate
two mirror symmetry signals, S; and S,, wherein each
signal S|. S, is representative of the degree of symme-
try of the projection signal P about each point therein,
and wherein each signal S,, S, is out of phase with the
other,

C. notch detection means, coupled with said mirror sym-
metry filter means, for operating on said mirror sym-
metry signal with a selected mask to generate a peak
location signal emphasizing a peak in said mirror
symmetry signal corresponding to a location of a center
of said linear pattern, and

D. peak locating means, coupled with said notch detection
means, for identifying a peak in said peak location
signal, and for estimating from a location of that peak
a location of a center of said linear pattern.

2. An apparatus for identifying a cross-hair comprising a
plurality of intersecting linear patterns, having expected
radii less than or equal to a valuer, in an image signal, L, said
apparatus comprising:

A. projection means for a generating, for each of said
linear patterns, a corresponding projection signal, F,
representative of a projection of said image signal
along an axis substantially aligned with an expected
orientation of that linear pattern, where said projection
signal, P, is comprised of elements P;, where i is an
integer between 1 and a length of said image signal
along the respective axis,

B. mirror symmetry filter means, coupled with said pro-
jection means, and responsive to said radius and each
said projection signal, for filtering that projection signal
to generate a corresponding mirror symmetry signal, S,
representative of the degree of symmetry of the pro-
jection signal P about each point therein,

wherein said mirror symmetry filter means includes
means for filtering said projection signal P to generate
two mirror symmetry signals, S, and S,, wherein each
signal S,, S, is representative of the degree of symme-
try of the projection signal P about each point therein,
and wherein each signal S,, S, is out of phase with the
other,

C. notch detection means, coupled with said mirror sym-
metry filter means, for operating on each said mirror
symmetry signal with a selected mask to generate a
corresponding peak location signal emphasizing a peak
in each said mirror symmetry signal corresponding to a
location of a center of the corresponding linear pattern.,

D. peak locating means, coupled with said notch detection
means, for identifying a peak in each said peak location
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signal, and for estimating from a location of that peak
a location of a center of the corresponding linear

pattern, and

E. center point locating means, coupled with said peak
locating means, for determining the center of said
cross-hair pattern to lie at an intersection of the esti-
mated locations of said linear patterns.

3. An apparatus according to any of claim 1 and 2.

wherein said mirror symmetry filter means includes

A. means for filtering a projection signal to generate said
mirror symmetry signal, S,, comprising elements 5,1,
wherein each element S,i has a value determined in
accord with the mathematical function

r
S1i= X Pug— Pl

a=1

B. means for filtering a projection signal to generate said
mirror symmetry signal, S.. comprising elements S,1.
wherein each element S,i has a value determined 1in
accord with the mathematical function

r-1
Syu= X

IPjH - PHI.
a=1

4. An apparatus according to claim 3, wherein

A. said notch detection means includes means for oper-
ating on each said mirror syminetry signal, S,. S.. to
generate corresponding peak location signals, L, L.

B. said peak locating means includes

i) means for identifying in said peak location signal L.,
a position and amplitude of a most significant peak.,
ii) means for identifying positions and amplitudes of a
neighboring point on each side of a most significant
peak in said peak location signal L,, and
iii) means for estimating from the positions and ampli-
tudes of those neighboring points a location of the
center of said linear pattern.

5. An apparatus for identifying a linear pattern, having an
expected radius less than or equal to a value r, in an 1mage
signal, I, said apparatus comprising:

A. projection means for generating a projection signal, P,
representative of a projection of said image signal
along an axis substantially aligned with an expected
orientation of said linear pattern, where said projection
signal, P, is comprised of elements P,, where 1 is an
integer between 1 and a length of said image signal
along said axis,

B. mirror symmetry filter means, coupled with said pro-
jection means, responsive to said radius and said pro-
jection signal for filtering that projection signal to
generate a mirror symmetry signal, S, representative of
the degree of symmetry of the projection signal P about
each point therein,

C. notch detection means, coupled with said mirror sym-
metry filter means, for operating on said mirror sym-
metry signal with a selected mask to generate a peak
location signal emphasizing a peak in said mirror
symmetry signal corresponding to a location of a center
of said linear pattern,

wherein said notch detection means includes means for
operating on said mirror symmetry signal 5§ with a
selected mask in accord with the mathematical function
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1 Z2p+2z+n—1 +n—1
L=II]JH(-LP£ S,i.tj,l f?-l-E Si.f.j)—-i P-I_-ZE Sitj
P =0 P j=p+2z+nm R jfepiz

where N, P and 7 are elements of said mask, each of
respective lengths n. p and z, and

D. peak locating means, coupled with said notch detection
means, for identifying a peak in said peak location
signal, and for estimating from a location of that peak
a location of a center of said linear pattern.

6. An apparatus for identifying a cross-hair comprising a
plurality of intersecting linear patterns, having expected
radii Iess than or equal to a valuer, in an image signal, I, said
apparatus comprising:

A. projection means for a generating, for each of said
linear patterns, a corresponding projection signal. F.
representative of a projection of said image signal
along an axis substantially aligned with an expected
orientation of that linear pattern. where said projection
signal, P, is comprised of elements P;, where 1 is an
integer between 1 and a length of said image signal
along the respective axis,

B. mirror symmetry filter means, coupled with said pro-
jection means, and responsive to said radius and each
said projection signal. for filtering that projection signal
to generate a corresponding mirror symmetry signal, S.
representative of the degree of symmetry of the pro-
jection signal P about each point therein,

C. notch detection means, coupled with said mirror sym-
metry filter means, for operating on each said mirror
symmetry signal with a selected mask to generate a
corresponding peak location signal emphasizing a peak
in each said mirror symmetry signal corresponding to a
location of a center of the corresponding linear pattern,

wherein said notch detection means includes means for
operating on said mirror symmetry signal S with a
selected mask in accord with the mathematical function

. 1 2p+2ztn—1 ptzin—1
Li=mm(-1-FE Sj+ﬁ--l-'— fH-Z Sﬁj)—‘%‘ X Nisi
P =0 P j=p+ilzin J=p+z

where N, P and Z are elements of said mask, each of
respective lengths n, p and z, and
D. peak locating means, coupled with said notch detection
means, for identifying a peak in each said peak location
signal, and for estimating from a location of that peak
a location of a center of the corresponding linear
pattern, and

E. center point locating means, coupled with said peak
locating means, for determining the center of said
cross-hair pattern to lie at an intersection of the esti-
mated locations of said linear patterns.

7. An apparatus according to any of claims 5 and 6,
wherein said notch detection means includes means for
generating said peak location signal L. by operating on said
mirror symmetry signal with a mask signal, M, said mask
signal having an amplitude that peaks toward the center.

8. An apparatus according to claim 7, wherein said notch
detection means includes means for generating said peak
location signal L. by operating on said mirror symmetry
signal with a mask signal, M, said mask signal having
elements M,. where k is between 1 and 7, and where those
elements have respective values 12, 14, 0, -1, 0, 12, 1%

9. A method for identifying a linear pattern having an
expected radius less than or equal to a value r, 1n an image
signal, I, said method comprising:
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A. a projection step for generating a projection signal, P,
representative of a projection of said image signal
along an axis substantially aligned with an expected
orientation of said linear pattern, where said projection
signal, P, is comprised of elements P;, where 1 iIs an
integer between 1 and a length of said image signal
along said axis,

B. a mirror symmetry filter step responsive to said radius
and said projection signal for filtering that projection
signal to generate a mirror symmetry signal, S, repre-
sentative of the degree of symmetry of the projection
signal P about each point therein.

wherein said mirror symmetry filter step includes a step
for filtering said projection signal P to generate two
mirror symmetry signals. S, and S,, wherein each
signal S,. S, is representative of the degree of symme-
try of the projection signal P about each point therein,
and wherein each signal S,, S, is out of phase with the
other,

C. a notch detection step for operating on said mirror
symmetry signal with a selected mask to generate a
peak location signal emphasizing a peak in said mirror
symmetry signal corresponding to a location of a center
of said linear pattern, and

D. a peak locating step for identifying a peak in said peak
location signal, and for estimating from a location of
that peak a location of a center of said linear pattern.

10. A method for identifying a cross-hair comprising a

plurality of intersecting linear patterns, having expected
radii less than or equal to a value r, in an image signal, I, said
method comprising:

A. a projection step for a generating, for each of said
linear patterns, a corresponding projection signal, P,
representative of a projection of said image signal
along an axis substantially aligned with an expected
orientation of that linear pattern, where said projection
signal, P, is comprised of elements P,, where i is an
integer between 1 and a length of said image signal
along the respective axis,

B. a mirror symmetry filter step for responding to said
radius and each said projection signal for filtering that
projection signal to generate a corresponding mirror
symmetry signal, S, representative of the degree of
symmetry of the projection signal P about each point
therein,

wherein said mirror symmetry filter step includes a step
for filtering said projection signal P to generate two
mirror symmetry signals, S, and S,. wherein each
signal S,. S, is representative of the degree of symme-
try of the projection signal P about each point therein,
and wherein each signal S,. S, is out of phase with the
other,

C. a notch detection step for operating on each said mirror
symmetry signal with a selected mask to genecrate a
corresponding peak location signal emphasizing a peak
in each said mirror symmetry signal corresponding to a
location of a center of the corresponding linear pattern,

D. a peak locating step for identifying a peak in each said
peak location signal. and for estimating from a location
of that peak a location of a center of the corresponding
linear pattern, and

E. a center point locating step for determining the center
of said cross-hair pattern to lie at an intersection of the
estimated locations of said linear patterns.

11. A method according to any of claims 9 and 10,

wherein said mirror symmetry filter step includes
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A. a step for filtering a projection signal to generate said
mirror symmetry signal, §,, comprising elements 5,1,
wherein each element S,i has a value determined in
accord with the mathematical function

r
Si= Y WPi+a-Pi-d
a=1

B. a step for filtering a projection signal to generate said
mirror symmetry signal. S,. comprising elements S,i,
wherein each element S,i has a value determined in
accord with the mathematical function

r—1
St= X

IPi+a—Pi—a-1l,
a=)

12. A method according to claim 11. wherein

A. said notch detection step includes a step for operating
on each said mirror symmetry signal. §,, S,. to generate
corresponding peak location signals, L, L.,

B. said peak locating step includes
i) a step for identifying in said peak location signal L.

a position and amplitude of a most significant peak.,
ii) means for identifying positions and amplitudes of a
neighboring points on each side of a most significant
peak in said peak location signal L., and
iii) means for estimating, from the positions and ampli-
tudes of those neighboring points a location of the
center of said linear pattern.

13. A method for identifying a linear pattern, having an
expected radius less than or equal to a value r, in an image
signal, I, said method comprising:

A. a projection step for generating a projection signal, P,
representative of a projection of said image signal
along an axis substantially aligned with an expected
orientation of said linear pattern, where said projection
signal, P, is comprised of elements P,, wherein i is an
integer between 1 and a length of said image signal
along said axis,

B. a mirror symmetry filter step responsive to said radius
and said projection signal for filtering that projection
signal to generate a mirror symmetry signal, S, repre-
sentative of the degree of symmetry of the projection
signal P about each point therein,

C. a notch detection step for operating on said mirror
symmetry signal with a selected mask to generate a
peak location signal emphasizing a peak in said mirror
symmetry signal corresponding to a location of a center
of said linear pattern,

wherein said notch detection means includes means for
operating on said mirror symmetry signal S with a
selected mask in accord with the mathematical function

1 2p+2z+n-1 ptztn—1
L.=ml!1(-lpf Si.;.'.',-l'— :IH‘E Snj)“-:T . Siy
P = P j=pilrin JF=p+z

where N, P and Z are elements of said mask, each of
respective lengths n, p and z, and
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D. a peak locating step for identifying a peak in said peak
location signal, and for estimating from a location of
that peak a location of a center of said linear pattern.
14. A method for identifying a cross-hair comprising a
plurality of intersecting linear patterns, having expected
radii less than or equal to a value r, in an image signal, I, said

method comprising:

A. a projection step for a generating, for each of said
linear patterns, a corresponding projection signal, P,
representative of a projection of said image signal
along an axis substantiailly aligned with an expected
orientation of that linear pattern, where said projection
signal, P, is comprised of elements P, where i is an
integer between 1 and a length of said irage signal
along the respective axis,

B. a mirror symmetry filter step for responding to said
radius and each said projection signal for filtering that
projection signal to generate a corresponding mirror
symmetry signal, S, representative of the degree of
symmetry of the projection signal P about each point
therein,

C. a notch detection step for operating on each said mirror
symmetry signal with a selected mask to generate a

corresponding peak location signal emphasizing a peak
in each said mirror symmetry signal corresponding to a
location of a center of the corresponding linear pattern,
wherein said notch detection means includes means for
operating on said mirror symmetry signal S with a
selected mask in accord with the mathematical function

1 2z+n—1 +n—1
h:mﬂl(—lupjf &ﬁizﬁg Sﬂj)_lp-ti}: Sivg
P =0 P j=pi+lz+n R j=piz

where N, P and Z are elements of said mask, each of
respective lengths n, p and z, and

D. a peak locating step for identifying a peak in each said
peak location signal, and for estimating from a location
of that peak a location of a center of the corresponding
linear pattern, and

E. a center point locating step for determining the center
of said cross-hair pattern to lie at an intersection of the
estimated locations of said linear patierns.

15. A method according to any of claims 13 and 14,
wherein said notch detection step includes a step for gen-
erating said peak location signal L. by operating on said
mirror symmetry signal with a mask signal, M. said mask
signal having an amplitude that peaks toward the center.

16. A method according to claim 15, wherein said notch
detection step includes a step for generating said peak
location signal L by operating on said mirror symmetry
signal with a mask signal, M. said mask signal having
elements M,., where k is between 1 and 6, and where those
elements have respective values 2, 14, 0, -1, 0, %2, %

* % * % %
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